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57 ABSTRACT 
Load current is diverted from a circuit breaker, when it 
is opened, through a commutation circuit. The latter 
has a capacitor, inductance and solid state switch seri 
ally connected with the output of a bridge rectifier. The 
input of the bridge is connected across the breaker. The 
switch is turned on to discharge the precharged capaci 
torto form a current pulse, presenting an extremely low 
resistance across the bridge input and causing load cur 
rent diversion. 

31 Claims, 11 Drawing Figures 
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1. 

CURRENT COMMUTATION CIRCUIT 

The subject invention relates to arrangements for 
rapidly interrupting load current in a power line inter 
connecting a source of electric energy and a load and, 
particularly, for rapidly opening circuit breaking de 
vices with minimal arcing. 

BACKGROUND OF THE INVENTION 

When load currents of substantial magnitude are in 
terrupted by interrupting devices, such as circuit break 
ers or switches, large currents, voltages and arcs are 
produced across the opening contacts of the interrup 
tion device. These phenomena are very undesirable. 
They require utilization of specially constructed mas 
sive interruption devices for accommodating the arc 
voltages and plasma and also require special contact 
members that are intended to withstand the resulting 
contact pitting and wear. Nevertheless, contact wear 
can occur. The described phenomena also introduces 
substantial current and voltage transients into the power 
line and load system and substantially increases the time 
required to complete interruption. Thus, these conven 
tional arrangements are unsatisfactory for some applica 
tions. 

Alternative interruption, i.e., switching, arrange 
ments have been disclosed for reducing these undesired 
phenomena and their effects. Generally, they rely upon 
limiting the current flow through the separating 
contacts of the interruption device so as to reduce the 
currents, voltages and the ionization across the opening 
contacts. Current flow through the opening contacts is 
reduced by diverting load current from the interruption 
device to a parallel, i.e., shunt circuit. The shunt path 
generally includes a device that is switched, i.e., gated 
on, to divert current from the interruption device. Some 
arrangements, switch on the device upon development 
of a predetermined arc voltage across the switch. For 
example, in U.S. Pat. No. 3,809,959-Pucher, the arc 
voltage attains a value sufficient to break down a spark 
gap which initiates current diversion. Since diversion is 
initiated only after the existence of a substantial arc 
voltage, such systems cannot entirely prevent the unde 
sirable consequences of arcing. Arcing is accompanied 
by production of a plasma, i.e., ionization. The degree 
of ionization and thus the time required to quench the 
arc is a function of the arc voltage and current magni 
tudes. Thus, interruption should occur without substan 
tial arcing. 
Some systems have therefore been proposed for di 

verting load current prior to the existence of substantial 
arc voltages. In these, the interrupting device is gener 
ally shunted by the main electrodes of a switchable solid 
state device, such as a bipolar transistor, FET or gate 
turnoff device. The switchable device is turned on by a 
control signal applied to its control electrode so that the 
main electrodes shunt the opening contacts of the inter 
rupting device and divert, i.e., bypass, the load current. 
In some systems, the control signal is initiated prior to 
the existence of substantial arc voltage to expedite di 
version and interruption. The switchable device is then 
cut off, e.g., by a change of the control signal. The 
voltage across the diversion circuit, e.g., the switchable 
device, increases subsequent to cut off, causing a de 
creasing current flow through the inherent inductance 
of the system. Current flow continues for some time, 
since the diversion circuit must essentially dissipate the 
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2 
energy stored in the system inductance and any energy 
that is still contributed by the source. In some cases, this 
energy can be entirely dissipated by the switchable solid 
state device which conducts until current flow termi 
nates. Frequently, however, this energy is at least par 
tially dissipated by a voltage responsive device. For this 
purpose, a voltage responsive device, such as a varistor, 
shunts the interruption device, i.e., the switch. The 
varistor conducts when the voltage across the diversion 
circuit reaches a predetermined value until current is 
reduced to zero. Diversion circuits of this type are, for 
example, disclosed in the following applications and 
patents which are in the name of E. K. Howell, the 
subject applicant, and are assigned to the assignee of the 
subject application and are herein incorporated by ref 
erence: U.S. patent application Ser. No. 874,965 filed 
June 16, 1986 (which is a Continuation-In-Part of aban 
doned U.S. Patent application Ser. No. 610,947 filed 
May 16, 1984) entitled "Solid State Current Limiting 
Circuit Interrupter”; U.S. Pat. No. 4,631.621 entitled 
"Gate TurnOff Control Circuit'; and U.S. patent appli 
cation Ser. No. 681,478 filed Dec. 14, 1984 entitled 
"Circuit Interrupter Using Arc Commutation'. 

However, even such systems may not be entirely 
satisfactory, particularly when load currents of large 
magnitude are interrupted. Ideally, the contacts of the 
interrupting device should be opened without any arc 
ing. Current diversion should thus commence, and pref 
erably be complete, prior to opening of the interrupting 
device. Load current diversion is a function of the ratio 
between the apparent resistance across that portion of 
the load circuit that includes the interruption device to 
the apparent resistance of the diversion circuit that 
diverts the load current. The contact resistance between 
the closed contacts of the interruption device is ex 
tremely low. For ideal interruption, the diversion cir 
cuit should also have an extremely low apparent resis 
tance, i.e., preferably equivalent to a zero ohm shunt. 
Such an ideal diversion circuit would therefore have 
substantially no voltage drop while current is diverted. 
However, diversion circuits of the type described above 
include one or more serially connected solid state de 
vices which have a finite forward voltage drop across 
their main electrodes during conduction. Usually, one 
of these devices is a gated solid state device which is 
turned on and off by signals applied to a control elec 
trode. Such solid state devices, if of sufficient power 
capacity and exhibiting sufficient blocking voltage, 
have a relatively large forward voltage drop during full 
conduction, i.e., saturation. Thus, the above described 
diversion circuits may have voltage drops that substan 
tially exceed the voltage across the closed interruption 
device. This delays load current diversion and thus fails 
to provide ideal interruption. 

Applicant's U.S. Pat. No. 4,636,907 which is assigned 
to the assignee of the subject application and is herein 
incorporated by reference, discloses an arrangement for 
diverting load current prior to opening of the interrup 
tion device. It discloses a controlled impedance circuit 
in series with the interruption device. Responsive to the 
interruption signal, the impedance value is stepped up 
from a low value to produce a sufficient voltage drop to 
fully divert the load current prior to the opening of the 
interruption device. When used with the above de 
scribed diversion circuits, a sufficiently high voltage 
drop must, however, be produced across the impedance 
to compensate for the voltage drop across the diversion 
circuit. This may have some undesirable consequences. 
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For example, the controlled impedance may have to be 
designed so that load current flow through the con 
trolled impedance produces excessive energy dissipa 
tion during normal operation when the interrupting 
device is closed. 

Additional design considerations must also be satis 
fied for interruption of load currents of large magni 
tude, particularly if the electric circuit includes substan 
tial inductance. For example, load current diversion 
must be coordinated so that there is no breakdown of 
the interruption device (hereinafter also referred to as 
"switching means') subsequent to its original opening. 
Also, interruption must occur fast so as to protect 
against excessive, e.g., short circuit, currents. 

OBJECTS OF THE INVENTION 

It is an object of this invention to provide an im 
proved interruption arrangement capable of interrupt 
ing currents of large magnitude with minimal arcing. 

It is a further object to provide such an interruption 
arrangement that is capable of interrupting a-c and d-c 
currents. 

It is an additional object to provide such current 
interruption without subsequent breakdown of the in 
terruption device. 

It is yet a further object to provide a very rapid inter 
ruption of large load currents without producing exces 
sive current or voltage transients. 

It is an additional object to accomplish interruption 
with small electromagnetic interrupting devices. 

It is a further object to provide an improved interrup 
tion system, capable of utilizing solid state interrupting 
devices. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention the 
circuit interrupter comprises a commutation network of 
solid state circuit means and of pulse forming means. 
Responsive to a load current interruption signal, the 

... pulse forming means supplies the network a current 
pulse having a peak magnitude greater than the load 
current. The switching means in the power line is con 
nected in circuit with the solid state circuit means so 
that the load current is diverted through the network in 
response to the current pulse. The switching means is 
opened, responsive to the load current interrupting 
signal, after the current in the network exceeds the 
value of the load current. 
The solid state circuit means is preferably a bridge 

rectifier having its input terminals connected in circuit 
with the switching means and its output terminals con 
nected with the pulse forming means. The pulse form 
ing means preferably comprises the series combination 
of an inductor, capacitor and gated solid state means. In 
the preferred embodiment, charging means, such as a 
d-c power supply, precharges the capacitor. The solid 
state means is gated on by a load current interruption 
signal to discharge the LC circuit. This produces the 
current pulse which provides a very low apparent resis 
tance across the input of the bridge rectifier and enables 
load current diversion. 
The current pulse attains a peak amplitude greater 

than the load current. The current pulse diminishes 
subsequent to its attaining its peak amplitude. However, 
the diverted load current continues to flow through the 
commutation network. This results in a substantial in 
crease of the voltage across the unilaterally conducting 
means, i.e., the input terminals of the bridge rectifier. It 

10 

15 

25 

30 

35 

45 

50 

55 

65 

4. 
is desirable to utilize voltage control means for limiting 
the rate of rise of this voltage to prevent breakdown of 
the switching means. For this purpose, the preferred 
embodiment utilizes second unilaterally conducting 
means, i.e., a diode, connected in parallel with the in 
ductor. 
The switching means preferably comprises an elec 

tromechanical switching device which may be rapidly 
opened by a signal derived from the network. Alterna 
tively, a solid state switch could be employed such that 
the voltage decrease across the unilaterally conducting 
means, e.g., the input terminals of the bridge, commu 
tates the solid state switch off. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a preferred 
embodiment of the subject invention. 
FIG. 2 is a schematic representation of an alternative 

embodiment utilizing an alternative voltage control 
circuit. 
FIG. 3 is a schematic representation of an alternative 

embodiment wherein the pulse current in the commuta 
tion network is used to open the switching means. 
FIG. 4 is a schematic representation of an alternative 

embodiment utilizing a thyristor device as the switching 
means and illustrating an alternative connection of the 
voltage responsive means. 
FIG. 5 is a schematic representation of an alternative 

embodiment utilizing abilaterally conductive solid state 
device as a switching means. 

FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E and 
FIG. 6F are graphic representations of voltage and 
current waveforms associated with the subject inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates a preferred embodiment of an inter 
ruption system capable of interrupting load current 
flow of substantial magnitude provided by either an 
alternating or direct current power source. Terminals 
15 and 16 are adapted for connection to an external 
circuit comprising the power source and load. These 
terminals are interconnected by a series circuit compris 
ing power line 17, switching means, i.e., interruption 
device 9, and controlled impedance circuit 31. During 
normal operation, switching means 9 is closed and cir 
cuit 31 has substantially no effect on load current flow 
through power line 17. The contacts of the switching 
means can be rapidly opened in response to a signal. 
Preferably, switching means 9 is of the type disclosed in 
U.S. Pat. No. 4,644,309. This patent entitled "High 
Speed Contact Driver For Circuit Interruption De 
vice', is in the name of the subject applicant, is assigned 
to the assignee of the subject application and is incorpo 
rated herein by reference. The switching means com 
prises fixed contacts 10 and 11 and bridging contact 12 
arranged across the fixed contacts for providing load 
current transfer through the power line. Switching 
means 9 is rapidly opened by displacement of the bridg 
ing contact 12 responsive to a current pulse signal. The 
mechanism for displacing contact 12 is schematically 
identified as contact driver 13. For purposes of initial 
explanation, the current pulse signal is supplied to the 
contact driver from control circuit 29 via line 8. The 
timing and alternate sources of this current pulse signal 
are subsequently described. 
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The controlled impedance circuit 31 is of the type 
disclosed in U.S. Pat. Ser. No. 4,636,907. This patent, 
entitled "Arcless Circuit Interrupter', is also in the 
name of the subject applicant, is assigned to the assignee 
of the subject application and is also incorporated 
herein by reference. While the switching means is 
closed, circuit 31 normally has a negligible impedance 
value so as not to substantially affect the flow of load 
current through power line 17. However, when load 
current flow through the switching means is to be inter 
rupted, the impedance of controlled impedance circuit 
31 is increased from a low value to a substantially 
higher value. Since this occurs prior to opening of the 
switching means, the load current produces a voltage 
drop across circuit 31. This diverts the load current to a 
commutation network which, at the time, has a substan 
tially lower apparent impedance or resistance than that 
of the controlled impedance 31. Thus, the load current 
is quickly diverted, i.e., transferred, away from the 
switch means. This permits the switching means to be 
subsequently opened with minimal or no arcing. This is 
explained in referenced U.S. Pat. No. 4,636,907 and in 
the subsequent description. The control signal for in 
creasing the impedance value of circuit 31 is produced 
by control circuit 29, in response to a load current inter 
ruption command. It is supplied to the controlled impe 
dance circuit by line 7. 
A commutation network 5 is connected via lines 19 

and 20 across the series circuit comprising switching 
means 9 and impedance circuit 31. When interruption is 
commanded, this network shunts this series circuit with 
an apparent resistance that is extremely low. Load cur 
rent is thus rapidly diverted through the network. 
Switching means 9 is opened after the current in the 
network attains a predetermined value. After a prede 
termined time, the voltage across the input, lines 19-20, 
of the network is increased at a controlled rate. The 
remnant of the load current is then diverted by voltage 
responsive means 18. 
Network 5 comprises pulse forming means 6 and 

unilaterally conducting means, i.e., bridge rectifier 21. 
The pulse forming network comprises a series circuit of 
capacitor C1, inductor L and gated solid state means, 
i.e., thyristor SCR1. This series circuit is connected to 
the output of the bridge rectifier 21 via lines 26 and 27. 
Capacitor C1 is shunted by a charging circuit compris 
ing serially connect d-c power supply 28 and resistor 
R1. The negative terminal of the power supply is con 
nected to the junction of C1 and line 26 and the positive 
terminal is connected via R1 to the junction of capacitor 
C1 and inductor L. The d-c power supply precharges 
capacitor C with a polarity to support subsequent cur 
rent discharge of the capacitor via the main electrodes 
of thyristor SCR1 through network 5. Thus, SCR1 has 
its anode connected to inductor L and its cathode con 
nected to line 27. The control circuit 29 initiates inter 
ruption by supplying a gating signal via line 4 to gate 
electrode 30 of thyristor SCR1. This gates on SCR1 to 
discharge capacitor C1 through the circuit comprising 
C1, L, SCR1 and the bridge rectifier 21, thus producing 
a current pulse in the commutation network as indicated 
by Is of FIG. 1. 
The bridge rectifier 21 comprises diodes D1-D4. Two 

serially connected diode pairs, D1-D3 and D2-D4, are 
each connected across bridge output lines 26 and 27. 
These diodes are poled to support conduction of the 
current pulse produced by the pulse forming means. 
Thus, the anodes of D3 and D4 are connected to bridge 
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output line 27 and the cathodes of D1 and D2 are con 
nected to bridge output line 26. As subsequently de 
scribed, the current pulse produced by the pulse form 
ing means divides equally between the two parallel 
diode paths, i.e., D1-D3 and D2-D4. Individual diode 
currents are indicated in FIG. 1 by Il-14. 
The input terminals of the bridge rectifier, A and B, 

are at the junction of diodes D1 and D3 and at the junc 
tion of diodes D2 and D4, respectively. Input terminals 
A and B are connected via lines 19 and 20 across the 
serially connected switching means 9 and impedance 
circuit 31. The division of the current pulse between the 
parallel diode paths reduces the apparent resistance 
between input terminals A and B to substantially zero. 
This, in conjunction with the increased impedance of 
circuit 31, causes the load current to transfer via input 
lines 19 and 20 to the commutation network 5. For 
purpose of explanation, assume that current flows as 
shown in FIG. 1 at the time load current interruption is 
commanded: load current in the power line (Io) which 
flowed through the switching means (Iol) is now di 
verted through the commutation network (Io2). Assum 
ing the indicated direction of current flow, Io2 flows in 
the path D1, C1, L, SCR1 and D4. As subsequently 
described, switching means 9 is opened when the cur 
rent in the commutation network Is exceeds the value of 
the load current Ioand, preferably, when load current is 
fully diverted, i.e., Io2=Io. The apparent resistance, and 
thus the voltage, across the input lines 19-20, remains 
extremely low for a predetermined time determined by 
the parameters of the network, specifically while the 
current in the commutation network Is exceeds the 
diverted current Io2. Afterwards, the voltage across 
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terminals A-B is automatically increased. With diode 
D5 connected in parallel with inductor L, capacitor C1 
controls the rate of voltage increase to prevent break 
down, i.e., reconduction, of the switching means. A 
voltage responsive device 18, i.e., a varistor, is con 
nected across lines 19 and 20. When the voltage across 
terminals A-B increases above the line voltage appear 
ing across the opened switching means 9 and reaches 
the clamping voltage of device 18, the latter conducts. 
Device 18 diverts the remnant of the diverted load 
current from the commutation network and continues 
conduction until the diverted load current has been 
fully dissipated. 
Load current interruption can be produced automati 

cally in response to an overload current. For this pur 
pose, current sensor 2 provides an indication of the load 
current magnitude via line 3 to control circuit 29. If the 
load current exceeds a predetermined threshold magni 
tude, the control circuit supplies load current interrup 
tion signals on lines 4 and 7 to initiate current diversion 
as described above. A current pulse signal is thereafter 
supplied on line 8 to open switching means 9. Load 
current interruption could, of course, be commanded 
manually, e.g., by a switch input to control circuit 29. 
Operation of the commutation circuit is now de 

scribed in detail. The d-c power supply 28 charges the 
capacitor C1 to a voltage VC. The polarity is negative at 
line 26 and positive at the junction of C1 and L. The 
commutation circuit comprises C1, L, SCR1 and the 
bridge rectifier (D1-D4) connected in a series loop. 
Diodes D1-D4 and SCR1 are poled to support conduc 
tion of current produced by the capacitor voltage VC. 
However, no conduction occurs until SCR1 is gated on 
by a gating signal produced by control circuit 29. 
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Attention is now directed to FIG. 6, which illustrates 
waveforms relevant to the operation of the commuta 
tion circuit. Circuit interruption is initiated, e.g. respon 
sive to an overload current, by control circuit 29 apply 
ing a gating signal to gate electrode 30 of SCR1. This 
initiates current flow, Is, through the commutation 
circuit. As shown in FIG. 6a, current Is increases sinu 
soidally from zero to a peak value, e.g. 2000 amps dur 
ing the interval between to and ts. The commutation 
circuit initially operates as a series resonant circuit hav 
ing a resonance frequency of 

(1) 
fo-NF O 2. WLC 

The current Is attains its peak at t=3, a quarter cycle 
subsequent to its commencement. The interval for the 
quarter cycle between to and t3 thus is 

(2) 
T/4 = (T/2) N to 

Current diversion and switch contact opening occurs 
during this interval between to and ts. 

Reference is again made to the preferred embodiment 
of FIG. 1 for an explanation relating to current diver 
sion and switch opening. The above described commu 
tation current, I5, flows in the loop comprising compo 
nents C1, L, SCR1 and the bridge rectifier circuit 21. 
The commutation current flows through two parallel 
paths in the bridge rectifier. These paths comprise, 
respectively, serially connected diodes D1 and D3, and 
serially connected diodes D2 and D4. If matched pairs of 
diodes are used for D1 and D2 and for D3 and D4, the 
commutation current Is will divide equally between the 
two parallel paths, Absent any diverted current Io2, all 
diode currents will be equal: 

Islas I3=I4 (3) 

Thus, the commutation circuit presents across its termi 
nails A-B a voltage, VAB, and an apparent resistance, 
RAB, that are very close to zero. Load current, Io, (FIG. 
6b) then commences to divert from switch 9 to the 
commutation circuit as shown by diverted current o2 in 
FIG. 6c. Simplistically, current is transferred responsive 
to the ratio of the resistances between the switch 9, 
impedance circuit 31 and the apparent resistance be 
tween terminals A-B. The apparent resistance, RAB, 
presented at terminals A-B by the commutation circuit 
is extremely low, e.g., 0.4 milliohms. In fact, it is compa 
rable with, or conceivably even lower than, the contact 
resistance of closed switch 9. For example, the latter 
may be in the order of 0.5 milliohms. Thus, current 
diversion can commence prior to switch opening even 
without use of impedence circuit 31, i.e., with switch 9 
being directly connected via lines 19-20 to terminals 
A-B. As the switch opens, its contact resistance in 
creases rapidly with respect to the apparent resistance 
of the commutation circuit. The apparent resistance 
RAB remains low, i.e., close to zero ohms, during the 
time interval between to and t (FIG. 6a), as subse 
quently explained. 
Upon initiation of current diversion at t=0 (FIG. 6a), 

the current Is through the commutation circuit consists 
solely of the current produced by the commutation 
circuit. An increasing portion of the load current Io is 
then diverted from switch 9 to the commutation circuit. 
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8 
For the assumed direction of load current Io shown in 
FIG. 1, this diverted current, I02, flows via D, C1, L, 
SCR1 and D3. Thus Is, the current through the commu 
tation circuit, includes the diverted current. The cur 
rent through the individual diodes of the bridge rectifier 
S 

I=4= (I5--02), and (4) 

I=3= (IS-02) (5) 

The potential drop across terminals A-B, VAB, is a func 
tion of the ratio of I1/12 or of I4/3. The voltage pres 
ented across terminals A-B is approximately: 

VABs K. ln(i1/12)--K2(1-2) (6) 

where K1 and K2 represent constants based on circuit 
parameters. Accordingly, 

(7) (Is - Ioa) 
WAB at Kiln Eff-- 02) - 

Is - I 
K2(I - I) at Kin Gif- - K202 

The apparent resistance, RAB, is approximately: 

Kl (I5 -- 02) (8) 

Rieslie - TCO k AB s s lo2 2 

In an exemplary embodiment using matched pairs of 
A390 diodes, K=0.026 and K2, which is a function of 
the equivalent resistance of the particular diodes, 
=0.308 milliohms. Assuming an instantaneous diverted 
current, Io2= 1000 amperes and an instantaneous cur 
rent in the commutation circuit, I05=1500 amperes, the 
voltage VAB, based on equation (7) is approximately: 

1500 -- 000 -3 (1500 - 1000) - .308 x 10-3 x 1000 WAB as .026 in 

VA at (.026 x 1.61) -- .308 at 0.35 volts 

The apparent resistance, RAB, based on equation (8) is 
approximately: 

0.35 
at 1000 at 350 micro ohms RAB 

The preceding value of RAB is an approximation that 
is derived from equations (6) and (8). A more precise 
value of RAB may be derived from the equation pro 
vided by a diode manufacturer for the voltage drop in 
the foreward direction of a conducting diode. For ex 
ample, the following formula is from the "Electronic 
Data Library-Thyristor Rectifiers', Publication 400.5, 
6-82, page 114, General Electric Company, Semicon 
ductor Products Department, Auburn, N.Y.: 

(9) VF = A + B in I + CI + DVf 

Constants for the A390 diode rectifier used in the pre 
ferred embodiment are stated to be A= -0.1115; 
B=0.2392; C=.0005; D = -0244. Equations (4) and (5) 
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specify the current through diodes 1 and 2, respectively. 
In the exemplary embodiment Is=1500 amperes and 
Io2=1000 amperes. Thus, I=(1500--1000)=1250 
amperes and I2 = (1500-1000)=250 amperes. The fol 
lowing forward voltage drops for diodes 1 and 2 result 
from solving equation (9) with the preceding values of 
constants and currents: VF1=1.357 volts and 
VF2=0.949 volts. The apparent resistance across termi 
nals A-B is 

VF - WF2 (10) 
RAB = -- 

1.357 - 1949-408 - RAB = 1000 = i = 408 microhms 

This confirms that the previously derived approxi 
mate value of RAB350 micro ohms, and thus also the 
approximated value of VABs 0.35 volts, should be rea 
sonably accurate. The preceding description also con 
firms that the potential drop, VAB, across the inputs of 
the bridge rectifier is low with respect to the rated 
forward voltage drops of the solid state devices of the 
commutation network. Specifically. VAB is much lower 
than the sum of the rated forward voltage drops of the 
serially connected solid state devices of the commuta 
tion circuit, i.e., those traversed by the diverted load 
current. Indeed, VAB is shown to be smaller than even 
the forward voltage drop across the PN junction of a 
single solid state device, i.e., an A390 diode. The calcu 
lated value of VAB for a load current of 1000 amperes is 
0.35 volts, whereas the rated forward voltage drop of a 
single A390 diode is 1.357 volts at 1250 amperes and 
0.949 volts at 250 amperes. Thus, for a load current of 
1000 amperes, VAB is less than the forward voltage drop 
across the serially connected solid state devices of the 
network, as rated at the magnitude of the diverted load 
current. 

The voltage VAB and the apparent resistance RAB 
thus remain extremely low despite increasing values of 
diverted current Io2. This applies if the value of Is ex 
ceeds that of Io2, i.e., while Is includes a component of 
current produced by the commutation circuit itself. If 
I5 consists solely of the diverted current, i.e., Is=Io2, 
diodes D2 and D3 are backbiased. This unbalances the 
bridge circuit such that RAB and VAB tend to increase. 
The subject invention can be used without the con 

trolled impedance circuit 31. However, as explained 
below, use of circuit 31 improves operation and is rec 
ommended. The following description assumes that 
impedance circuit 31 is not used. Current diversion is 
then completed after switch 9 commences to open. As 
the switch contact force is relaxed, the contact resis 
tance of the switch increases very rapidly with in 
creased current diversion. However. current diversion 
is not solely a function of the ratio of the switch contact 
resistance to the apparent resistance, RAB. The switch 
circuit has an inherent inductance which stores energy 
at the load current magnitudes that are likely to be 
utilized. This energy must be rapidly transferred from 
the switch circuit to the bridge rectifier circuit to termi 
nate current through the switch contacts. The inherent 
inductance and resistance of the switch circuit is con 
nected across terminals A-B and is thus effectively in 
parallel with the inherent inductance and resistance of 
conductors 19, 20 and the bridge rectifier 21. The time 
constant of this circuit is comparatively long, being 
proportional to the ratio of the inherent inductance to 
the inherent resistance. A potential must therefore be 
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10 
applied in the switch circuit to transfer the stored en 
ergy. This occurs inherently because of the voltage 
produced across the opening switch contacts. Stored 
energy is transferred at a rate proportional to the ratio 
of the magnitude of this potential to the inductance. As 
the contacts open, the voltage, and thus the rate of 
stored energy transfer, increases rapidly. Thus, the 
stored energy is transferred at a finite time after contact 
opening. However, during this time, the voltage may be 
sufficient to create an arc and plasma could produce 
some contact pitting. 
Use of the controlled impedance circuit 31 prevents 

this undesirable phenomena. As described in the refer 
enced U.S. Pat. No. 4,636,907, the controlled impe 
dance 31 introduces a voltage in the switch circuit prior 
to switch opening and thus permits the switch to be 
opened after the load current has been entirely trans 
ferred. The magnitude of this voltage determines the 
rate at which the above referenced stored energy is 
transferred: 

L di (9) V3 at dit 

where V31 is the potential drop across impedance 31, L 
is the inherent inductance in the switch and bridge recti 
fier circuit and di/dt is the rate at which current is 
transferred from the switch circuit. Assuming that 1000 
amps must be transferred in 10 microseconds (i.e., 100 
amps/microsecond) and that the inherent inductance is 
0.1 microhenries: 

V31s (10amperes/second)(107 henries) 

V3 at 10 volts 

Thus, for this example, the controlled impedance 
should, upon initiation, produce a voltage drop of 10 
volts in series with the switch. 

Reference is again directed to FIG. 6 for a further 
explanation of current diversion and switch opening in 
the circuit of FIG. 1, which includes controlled impe 
dance circuit 31. As previously explained, switch open 
ing is activated at to by initiating commutation current 
flow. The controlled impedance circuit is simulta 
neously activated at to. FIG. 6c illustrates the magni 
tude of the diverted current, Io2. Diversion commences 
immediately at to and is rapidly completed with Io2=Io 
at t1. Switch9 is opened after the current in the commu 
tation circuit Is exceeds the load current Io2 and, in this 
embodiment, after total diversion of the load current. 
FIG. 6 illustrates an example where the load current Io 
(FIG. 6b) and thus the totally diverted load current Io2 
(FIG. 6c) are 1000 amperes. In this example, switch 9 is 
opened at t2 when Is is 1500 amperes. As previously 
described, Is increases substantially sinusoidally until it 
attains its peak value at t3, i.e., a quarter cycle from its 
inception at to. The value of Isat its peak is at most: 

VC 

\ - E 
C 

where Vc is the voltage to which capacitor C1 is ini 
tially charged by power supply 28. The peak value of Is 
must exceed the magnitude of Io, preferably by a sub 
stantial amount. In the example illustrated in FIG. 10, 

O Peak Is = (10) 
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the peak value of Isis 2000 amps, i.e., twice the value of 
Io. The parameters of the commutation circuit, and 
particularly of L, C1 and the potential of the power 
supply, are selected to provide the appropriate peak 
current value. They must further be selected, with ref. 
erence to equation (2), so that the time interval to-ts is 
sufficient to assure full load current diversion and suffi 
cient opening of the switch to prevent subsequent 
switch breakdown or reignition. With an appropriate 
switch, such as the one disclosed in above referenced 
U.S. Pat. No. 4,644,309, this can be accomplished very 
rapidly. A preferred embodiment successfully switched 
load currents in the range specified above in less than 
100 microseconds. Thus, diversion occurs almost in 
stantaneously. This is of particular value in overload 
current protection systems. Interruption can commence 
when the load current exceeds its normal value by a 
predetermined amount. Even under short circuit condi 
tions, the overload current increases at a relatively low 
rate with respect to the time required to interrupt cur 
rent flow, to-t3. Thus, interruption is complete before 
short circuit currents can even attain the peak value of 
I5. 
The above described example assumed that the peak 

value of Isis 2000 amperes and that load current inter 
ruption is commanded when the load current Io is 1000 
amperes. Interruption can, of course, occur at other 
values of load current Io, to the extent that Ilois substan 

rtially below the selected peak value of the commutation 
current Is. In a system that interrupts responsive to a 
predetermined value of load current, the value of the 
latter can thus be easily varied. Control circuit 29 can be 
designed to generate interruption signals at any selected 
value of load current that is below a predetermined 
maximum value. 
The above description of FIG. 6 has been directed to 

the current waveforms. FIG. 6d illustrates the potential 
across capacitor C1. During the interval to-t3, i.e., dur 
ing the first quarter cycle, this voltage characteristically 
decreases sinusoidally from Victo zero, leading current 
Is by 90 degrees. FIG. 6e illustrates the potential VAB 
which, because of the balanced rectifier bridge, is near 
zero volts during the interval to-t3. 
Thus, at the conclusion of the first quarter cycle, atts 

load current has been entirely diverted through the 
commutation circuit, switch9 has opened sufficiently to 
prevent subsequent breakdown, and the commutation 
circuit essentially applies a zero voltage across the 
switch. 

Subsequent to time t3, the voltage across terminals 
A-B, and thus across switch9, is increased to the poten 
tial at which the voltage responsive device, i.e., MOV 
18, conducts. As shown in FIG. 6e, this potential, 
VMov, substantially exceeds the line voltage, VLINE, 
that normally appears across the open switch. The volt 
age across terminals A-B, VAB, should be increased at a 
controlled rate as, for example, indicated by the solid 
line identified as VAB in FIG. 6e. Otherwise, if the an 
plitude of VAB is raised suddenly prior to the switch 
contacts having fully opened, switch 9 could break 
down and resume conduction. The dashed-dot line la 
beled VBK in FIG. 6e illustrates the breakdown poten 
tial, VBK, of one type of switch. Voltage VAB is thus 
ramped so that its amplitude does not at any time attain 
the level of VBK. Specifically VAB increases from sub 
stantially zero volts at t3 and rises to the conduction 
potential, VMov, of MOV 18 at ty. During time interval 
t3-ty, conduction of the diverted line current o2 contin 
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12 
ues through the commutation circuit, diminishing as the 
voltage VAB rises. 
The following explains how voltage VAB is increased 

in accordance with the above stated requirements. The 
purpose of diode Ds can best be understood by initially 
considering circuit operation without D5. Without the 
diverted current Io2, the commutation circuit would 
initially perform essentially as a series L-C circuit. Dur 
ing the second quarter cycle, i.e., during the interval 
t3-t5, the current through capacitor C1, and thus 
through inductor Ll, would sinusoidally descend from 
its peak value atts to zero at t5 as shown by the dashed 
line labeled ISA of FIG. 6a, However, because of the 
presence of diverted load current, the current in the 
commutation circuit decreases sinusoidally only until it 
attains, at tA, the magnitude of the diverted current 
Io2=Io. Subsequent to ta (and until ti) the current in the 
commutation circuit remains approximately at the am 
plitude of the diverted current. Thus, without diode D5 
during the time interval t3-t4, the current in the commu 
tation circuit exceeds the value of the diverted current 
and the voltage across terminals A-B remains close to 
zero. Subsequent to tA, the current in the commutation 
circuit consists solely of the diverted current. As previ 
ously explained, this unbalances the bridge rectifier and 
thus increases the voltage across terminals A-B. As 
shown by the dashed line labeled VAB of FIG. 6e, there 
is a stepped voltage increase at ta. This can best be 
understood by considering the voltage across capacitor 
C1 illustrated by the dashed line VC1 of FIG. 6d. The 
capacitor voltage descends through zero atts and, be 
cause of the sinusoidal current in the commutation cir 
cuit, sinusoidally increases to a substantial magnitude at 
t4. The rate-of-change of the sinusoidal current pro 
duces a voltage across inductor L equal to the voltage 
across capacitor C. When Is decreases to the value of 
Io2, the current becomes essentially constant, the rate 
of-change becomes very small, hence, the voltage 
across inductor L also becomes very small. Thus, the 
capacitor potential suddenly appears across terminals 
A-B at t, causing the stepped increase of VAB. As 
shown in FIG. 6e, VAB can thus exceed the switch 
breakdown potential VBK and cause the breakdown and 
further conduction of switch 9. 

Additional means can be used to adequately control, 
i.e., reduce, the rate at which the voltage across termi 
mals A-B, and thus across switch 12, is increased. In the 
preferred embodiment of FIG. 1, this voltage control is 
accomplished by diode D5 connected across inductor L. 
D5 is poled to block conduction and thus has no effect 
during the interval to-ts. However, at t5, when the ca 
pacitor voltage descends through zero, D5 commences 
conduction so that a current representative of the peak 
value of Is circulates in the loop comprising D5 and 
inductor L. This loop circuit has a long time constant 
corresponding to L divided by the inherent resistance of 
the loop circuit. The slowly descending loop current, 
ID5-L, is illustrated in FIG. 6f Att, loop current con 
duction produces a rapid reduction of current Is from 
the peak value of Is to the value of the diverted current 
Io2. I5 subsequently, i.e., at t3, equals Io2 and thus re 
mains relatively constant from t to 7 as shown by solid 
line Is of FIG. 6a. When Is=Io2 atts, the bridge rectifier 
becomes unbalanced such that the voltage across termi 
nals A-B, VAB, becomes a function of the voltage across the capacitor 
C1. The relatively constant current Is charges capacitor 
C1 so that the capacitor voltage increases approximately 
linearly. This is shown by the solid line labeled VC1 of 
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FIG. 6d. VAB thus also increases approximately linearly, 
such that its amplitude remains well below the permis 
sable breakdown voltage. This is shown by the solid line 
labeled VAB in FIG. 6e. 
The waveforms shown in FIG. 6 are based on the 

assumption that the load current Io remains relatively 
constant until t3. As VAB increases above the magnitude 
of VLINE, the values of Io, Io2 and Is decrease gradually 
as shown in FIGS. 6a, b and c. However, with induc 
tance in the power line circuit, if interruption occurs as 
the load current increases, the value of currents Io and 
I02 may increase until VAB=VLINE and decrease there 
after. 
The voltage responsive device 18 conducts at ty 

when VAB increases to its conduction voltage, VMov. 
Remaining current, Io, from the switch circuit is now 
entirely diverted by device 18 so that no further switch 
current, Io2 and Is, appears in the commutation circuit, 
as shown in FIGS. 6a and 6c. Conduction of device 18 
continues until the remnant of the current in the switch 
circuit has been entirely dissipated at t8, as shown in 
FIG. 6b. At this time, the voltage across terminals A-B 
corresponds to the line voltage, VLINE, that appears 
across the open switch. 
With source inductance, capacitor C1 can charge to a 

value representative of twice the line voltage at inter 
ruption plus a voltage produced by the current stored in 
the source inductance at interruption. The maximum 
voltage on capacitor C1 thus is a function of the induc 
tance and the diverted load current. The waveforms of 
FIG. 6 are, of course, based on the assumption that 
capacitor C will be charged to a voltage exceeding the 
clamping voltage V.Mov of the voltage dependent de 
vice 18. The clamping voltage should preferably be at 
least twice the line voltage to assure that the diverted 
current decays at a sufficient rate. Device 18 limits, i.e., 
clamps, the maximum voltage across the commutating 
circuit to a value below the maximum attainable capaci 
tor voltage. This assures that this maximum voltage 
does not exceed the blocking voltage of the solid state 
devices of the commutating circuit, primarily that of 
SCR1, but also of diodes 1-4, and that it does not exceed 
the maximum voltage that can be applied to the power 
line load circuits. Since device 18 diverts a portion of 
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the load current from the commutation circuit, its pres- 45 
ence may also diminish heat rise in the SCR. 

However, the voltage dependent device 18 may not 
be required in some applications. This includes situa 
tions where the line voltage, inductance and/or stored 
energy are sufficiently low so that the maximum voltage 
attainable on capacitor C1 is not excessive and load 
current can be entirely diverted in the commutation 
circuit. If device 18 is eliminated, it may be desirable to 
increase the value of capacitor C1 to limit the voltage 
rise. However, this increases the time required to re 
duce diverted current to zero and, of course, affects the 
previously described parameters of the L-C commuta 
tion circuit. 
At the conclusion of current diversion, capacitor C1 

discharges via the series circuit of resistor R1 and power 
supply 28. The time constant of this circuit should per 
mit discharging capacitor C1 and recharging it prior to 
the next interruption event, while being sufficiently 
great so as not to adversely affect operation of the com 
mutation circuit. 
As is evident from the above description, the arrange 

ment of FIG. 1 provides automatic and extremely rapid 
interruption of a-c or d-c currents, including those of 
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very large magnitude, e.g., in the range of thousands of 
amperes. Interruption can be accomplished selectively 
with no or with minimal contact arcing so as to prolong 
switch and contact life. This can be achieved with 
small, high speed switching devices that do not require 
the normally utilized arrangements for arc containment 
and extinction. 
Various alternative embodiments are hereinafter de 

scribed. The schematics of the following alternative 
embodiments omit some control lines and omit designa 
tions of currents. 
FIG. 2 illustrates an alternative arrangement that 

differs from the preferred embodiment of FIG. 1 by 
omitting the controlled impedance circuit 31, and also 
by substituting an alternative form of voltage control 
means to limit the rate of increase of the voltage across 
the input of bridge rectifier 21. 

In the preferred embodiment of FIG. 1, switching 
means 9 and circuit 31 are serially connected between 
terminals 15 and 16. As previously explained, circuit 31 
improves performance. Although its use is preferred, it 
is not essential. It is not included in the arrangement of 
FIG. 2. Switching means 9 is instead connected directly 
between terminals 15 and 16. 

FIG. 1 illustrates diode D5 connected across inductor 
L. This is the preferred voltage control means for limit 
ing the rate of increase of the voltage across the input of 
bridge rectifier 21. The embodiment of FIG.2 excludes 
D5 and instead utilizes an alternative voltage control 
means comprising capacitor C2, resistor R2 and, prefera 
bly also, unilaterally conducting means, i.e., diode D6. 
Capacitor C2 and unilaterally conducting means, i.e., 
diode D6, are connected in series across the output of 
the rectifier bridge, i.e., across lines 26 and 27. Diode 
D6 has its anode connected to capacitor C2 and its cath 
ode connected to line 27. Resistor R2 is connected 
across capacitor C2. 
This circuit is best understood by reviewing opera 

tion of the commutation network. The current pulse, 
produced by discharge of capacitor C1, initially main 
tains the voltage of the bridge rectifier output at a very 
low value. Subsequently, this value increases. Without 
any voltage control means, the bridge voltage could 
suddenly increase sufficiently to break down the 
switching means. This undesirable voltage jump (shown 
by VAB attain FIG. 6e) can occur when the commuta 
tion current decreases to the magnitude of the diverted 
current Io2 (as shown by ISA atta in FIG. 6a). Capacitor 
C2, being essentially in parallel with the bridge output, 
limits the rate of rise of the bridge voltage and thus 
prevents breakdown of the switching means. The ca 
pacitance of C2 may therefore be relatively high. Diode 
D6 is poled to prevent capacitor C2 from being charged 
by the current pulse produced by discharge of C1. D6 
thus prevents capacitor C2 from delaying the initiation 
of current diversion from the switching means. 
When a load current interruption command dis 

charges capacitor C1, the voltage across bridge input 
terminals A-B drops to almost zero voltage. The volt 
age across the bridge output, i.e., across lines 26-27, is 
then at a somewhat higher value, e.g., 3 volts, represen 
tative of the forward voltage drops across the two seri 
ally connected diodes of the bridge (D1-D3 or D2-D4). 
Line 27 is initially positive and line 26 is initially nega 
tive. Absent diode D6, discharged capacitor C2 would 
first be charged to the potential across lines 26-27 by 
the current pulse produced by the discharge of capaci 
tor C1. This delays the appearance of the low apparent 
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resistance across the input terminals of the bridge and 
thus delays current diversion to the commutation net 
work. The value of the current pulse subsequently de 
creases below the value of the diverted current, i.e., 
Is=02. At about this time (ta of FIG. 6e), the voltage 
between lines 26 and 27 reverses. Capacitor C2 then 
charges to this reversed potential across the output of 
the bridge rectifier so as to limit the rate of rise of the 
voltage across the bridge and to prevent breakdown of 
the switching means. With diode D6 in the circuit, ca 
pacitor C2 remains discharged until the value of the 
current pulse decreases below the value of the diverted 
current. Thus, use of diode D6 is preferred since it does 
not delay current diversion. Upon termination of cur 
rent flow in the commutation network 5, capacitor C2 
discharges via resistor R2. In the preferred embodiment, 
resistor R2 essentially shunts the switching means 9, and 
d-c power supply 28 shunts capacitor C2. Therefore, the 
values of resistors R2 and R1 should be sufficiently high 
to prevent undesirable effects. Some modifications may 
be made of the above described circuit. For example, 
the single resistor R2 may be replaced with a first resis 
tor across lines 26-27 and a second resistor across diode 
D6. Timed switching circuits might be used to charge 
capacitor C1 and to discharge C2. Also, diode D6 may 
not be required in all applications. 
FIG. 3 schematically illustrates an alternative ar 

rangement for opening switching means 9 responsive to 
the pulse current flow in the commutation network 
instead of being actuated by control circuit 29. Switch 
ing means 9 is of the type disclosed in referenced U.S. 
Pat. No. 4,644,309. It comprises a bridging contact 12 
that is rapidly displaced from switching means terminals 
10 and 11 by operation of the contact driver 13. The 
latter comprises conductor 120, torroidal core 132, 
winding 134 and input terminals 122 and 123. Conduc 
tor 120 is arranged as a closed loop with the bridging 
contact and is looped about torroidal core 132. The 
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parallel adjacent portions of conductor 120 are prefera 
bly arranged within a magnetic structure (not shown). 
Winding 134 extends about core 132 and terminates at 
terminals 122 and 123. As described in the referenced 
application, application of a current pulse to terminals 
122 and 123 results in current flow in the loop compris 
ing conductor 120 and bridge contact 12. This current 
produces electromagnetic displacement of the adjacent 
parallel portions of conductor 120 and thus a rapid 
disengagement of bridging contact 12 from switching 
means terminals 10 and 11. Winding 134 is shown as 
being connected in series circuit with inductor L and 
unilaterally conducting means SCR1. Specifically, 
winding 134 is connected from terminal 122 via line 34 
to inductor L, and from terminal 123 via line 33 to the 
anode of SCR1. Voltage control means D5 is connected 
across the series combination of inductor L and winding 
134. Inductor L and contact driver 13 should be de 
signed so that bridging contact 12 does not open until 
the pulse current attains a magnitude that exceeds the 
value of the load current at the time of interruption. 
FIG. 4 illustrates an alternative arrangement wherein 

the switching means 9 comprises solid state switching 
means in lieu of electromechanical switching means. In 
this embodiment, the switching means comprises thy 
ristor SCR2. The main electrodes of SCR2 are shown as 
being connected in series with controlled impedance 
circuit 31 between load terminals 15 and 16. In the 
circuit of FIG. 4, the anode is connected to line 16 and 
the cathode is connected via circuit 31 to line 15 so that 
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load current flows through SCR2 and the controlled 
impedance circuit 31. The latter circuit 31 is not re 
quired, but is desirable since it provides more rapid load 
current diversion. As previously described, the load 
current interruption signal drastically reduces the ap 
parent resistance across the input of bridge rectifier 
A-B. This diverts load current from SCR2 to the con 
mutation network. The anode current of SCR2 is thus 
reduced below the holding current level of thyristor 
SCR2 causing the thyristor to be switched to the fore 
ward blocking state, i.e., to be cut off. The load current 
interruption signal also increases the impedance value 
of controlled impedance circuit 31 so as to expedite load 
current diversion to the commutation network and thus 
to also expedite turn off of SCR2. Turn off commutation 
thus results automatically from the very low voltage 
applied from the input of the bridge A-B via lines 19-20. 
across the circuit including the anodecathode elec 
trodes of the thyristor. This low voltage occurs in the 
time interval to-t3, as shown by line VAB in FIG. 6e. 
Thus, the solid state switching means need not be of the 
gate turn off variety, 
FIG. 4 further illustrates a snubber network compris 

ing capacitor C3 and resistor R3 connected serially 
across the bridge input lines 19 and 20. The use of such 
RC snubbers with solid state networks, such as diode 
bridges, is well known. Diodes of the bridge rectifier, 
e.g., D2 and D3, are subjected to a reverse voltage 
which can cause a reverse recovery current transient 
and thus produce undesirable effects on SCR2. The 
series connected resistor R3 and capacitor C3 limits the 
rate of change of the voltage applied across SCR2. 

In FIG. 4, the voltage responsive device 18 is shown 
as connected across lines 26 and 27. It is thus on the 
output instead of the input side of the bridge. This is 
satisfactory although placement on the input side as 
shown in FIG. 1 is preferred. 
FIG. 5 illustrates another alternative wherein a bilat 

erally conducting solid state device, i.e., a triac 36, is 
utilized. The main electrodes are connected to load 
terminals 15 and 16, and the device is gated on via ter 
minal 35, similar to the arrangement of FIG. 4. Such a 
bilaterally conducting solid state switch is, of course, 
preferable to the unilaterally conducting device of FIG. 
4, in circuits energized by an alternating current power 
source. Alternative bilaterally conductive solid state 
devices, such as back to back connected thyristors, may 
of course be utilized. As noted with reference to the 
circuit of FIG.4, current diversion may be expedited by 
adding a controlled impedance circuit in series with the 
solid state device. 

It should be apparent to those skilled in the art that 
additional changes may be made in the disclosed em 
bodiments without departing from the true spirit and 
scope of the invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A circuit interrupter for interrupting load current 

flow in a power line connecting a source of electric 
power to a load, comprising: 

(a) a bridge rectifier having input terminals and out 
put terminals; 

(b) pulse forming means connected in circuit with the 
output terminals of said bridge rectifier to form a 
closed loop network; 

(c) said pulse forming means, responsive to a load 
current interruption signal, supplying through said 
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network a current pulse having a peak magnitude 
greater than the magnitude of the load current; 

(d) switching means connected in series circuit with a 
power line; 

(e) the input terminals of said bridge rectifier being 
connected in circuit with said switching means so 
that responsive to the current pulse the apparent 
resistance across said input terminals is switched 
from a high to a very low value and load current is 
diverted from the switching means to the closed 
loop network; and 

(f) said switching means being constructed to permit 
its being opened to interrupt load current flow 
therethrough subsequent to the initiation of load 
current diversion to the closed loop network. 

2. The circuit interrupter of claim 1 wherein the pulse 
forming network supplies a current pulse, through said 
closed loop network, having a time-current relationship 
such that upon diversion of the load current through the 
network, the voltage across the input terminals of said 
bridge rectifier is increased from an extremely low 
value to a substantially higher value. 

3. The circuit interrupter of claim 2 wherein said 
pulse forming network comprises capacitance means 
and inductance means connected in series circuit with 
the output terminals of said bridge rectifier, and charg 
ing means for charging said capacitance means and 
discharge means response to the current interruption 
signal for discharging the charged capacitance means 
through the aforesaid series circuit to form the current 
pulse. 

4. The circuit interrupter of claim 3 further compris 
ing voltage control means to limit the rate of increase of 
the voltage across the input terminals of said bridge 
rectifier to prevent further conduction of the switching 
means upon its opening. 

5. The circuit interrupter of claim 4 wherein said 
voltage control means comprises first unilaterally con 
ducting means connected in parallel circuit with said 
inductance means and poled to block conduction of the 
current pulse but to thereafter support current conduc 
tion in a loop circuit comprising said inductance means 
and said first unilaterally conducting means. 

6. The circuit interrupter of claim 4 wherein said 
voltage control means comprises second capacitance 
means connected in parallel circuit with said bridge 
rectifier so as to be charged by the load current diverted 
from the switching means to the closed loop network. 

7. The circuit interrupter of claim 6 wherein said 
voltage control means further comprises resistance 
means for discharging said second capacitance means, 
and second unilaterally conducting means connected in 
series circuit with said second capacitance means and 
poled to prevent said last named means from being 
charged by the current pulse produced by said pulse 
forming means. 

8. The circuit interrupter of any of claims 1 to 7 
wherein said switching means comprises separable 
contacts and means for separating said contacts in re 
sponse to an electric signal. 

9. The circuit interrupter of claim 8 further compris 
ing signal means for generating the electric signal to 
separate said contacts subsequent to said current pulse 
having attained a value of current exceeding that of the 
load current. 

10. The circuit interrupter of claim 9 wherein said 
signal means generates the electric signal responsive to 
current flow in said closed loop network. 
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11. The circuit interrupter of any of claims 1 to 7 

wherein said switching means comprises solid state 
switching means and said last named means is commu 
tated off responsive to the apparent resistance across the 
input terminals of the bridge rectifier being switched to 
a very low value. 

12. The circuit interrupter of any of claims 2 to 7 
further comprising voltage dependent conduction 
means connected in parallel circuit with said switching 
means and with said bridge rectifier to divert from said 
network remnant portions of the diverted load current 
upon the voltage across the input terminals of said recti 
fier bridge increasing to a predetermined value that 
exceeds the line voltage that appears across said switch 
ing means subsequent to its being opened. 

13. The circuit interrupter of any of claims 1 to 7 
further comprising controlled impedance means con 
nected in series circuit with said switching means and 
wherein the input terminals of said bridge rectifier are 
connected across the series circuit comprising said 
switching means and controlled impedance means; said 
controlled impedance being switched from a very low 
impedance value to a higher impedance value respon 
sive to the load current interrupting signal to expedite 
diversion of the load current. 

14. The circuit interrupter of claim 13 further com 
prising means for opening said switching means upon 
the load current having been completely diverted to 
said network. 

15. The circuit interrupter of any of claims 1 to 7 
further comprising current sensing means for producing 
a signal representative of the value of the load current 
and control circuit means for generating the load cur 
rent interrupting signal responsive to load current at 
taining a predetermined magnitude. 

16. A circuit interrupter for interrupting a-c load 
current by switching means connected in a series circuit 
with a source of alternating current and a load and 
wherein the a-c load current is diverted to a network so 
that minimal arcing occurs upon the opening of the 
switching means, the combination comprising: 

(a) switching means being adapted for connection in 
series circuit with the source of alternating current 
and the load so as to conduct a-c load current 10 to 
the load; 

(b) a network comprising solid state circuit means and 
pulse means; 

(c) said pulse means, responsive to a load current 
interruption signal, supplying said solid state means 
a current pulse having a peak magnitude greater 
than the magnitude of the load current, and a dura 
tion that is substantially less than the duration of a 
half cycle of the a-c load current; 

(d) said solid state circuit means having inputs con 
nected in circuit with said switching means for 
diverting the a-c load current from said switching 
means to said network during the presence of the 
current pulse notwithstanding the instantaneous 
direction of the a-c load current; and 

(e) said switching means being opened responsive to 
the load current interruption signal during the du 
ration of the current pulse. 

17. The circuit interrupter of claim 16 wherein said 
pulse means provides through said network a current 
pulse whose peak amplitude occurs substantially prior 
to the termination of diverted load current flow 
through said network so that subsequent to the occur 
rence of the peak amplitude, the voltage across said 
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solid state circuit means, and thus across the switching 
means, is increased from a very low value to a substan 
tially higher value. 

18. The circuit interrupter of claim 17 further com 
prising voltage control means to limit the rate of in 
crease of the voltage across said solid state circuit 
means to prevent further conduction of the switching 
means upon its opening. 

19. The circuit interrupter of claim 17 wherein said 
pulse means comprises inductance means and first ca 
pacitance means connected in series circuit with said 
solid state circuit means, charging means for charging 
said first capacitance means and discharge means for 
discharging said first capacitance means in response to a 
load current interrupting signal. 

20. The circuit interrupter of claim 19 wherein said 
discharge means comprises gated solid state means con 
nected in series circuit with said inductance means, first 
capacitance means and solid state circuit means so that 
gating on said gated solid state means responsive to the 
load current interrupting signal discharges the capaci 
tance means through the aforesaid series circuit. 

21. The circuit interrupter of claim 20 wherein the 
inductance, capacitance and voltage values, respec 
tively, of said inductance, first capacitance and charg 
ing means are selected such that the peak value of the 
current pulse exceeds the value of the load current. 

22. The circuit interrupter of claim 21 further com 
prising voltage control means to limit the rate of in 
crease of the voltage across said solid state circuit 
means to prevent further conduction of the switching 
means subsequent to its opening. 

23. The circuit interrupter of claim 22 wherein said 
voltage control means comprises unilaterally conduct 
ing means connected in parallel circuit with said induc 
tance means; said unilaterally conducting means being 
poled to block conduction of the current pulse but to 
thereafter support current conduction in a loop circuit 
comprising said inductance means and said unilaterally 
conducting means, 

24. The circuit interrupter of claim 22 wherein said 
voltage control means comprises second capacitance 
means connected in a parallel circuit with said solid 
state circuit means so as to control the increase of the 
voltage across the inputs of said solid state circuit 
eaS 

25. The circuit interrupter of claim 24 further com 
prising second unilaterally conducting means connected 
in series circuit with said second capacitance means and 
poled to prevent charging of the aforesaid means from 
said first capacitance means. 
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26. The circuit interrupter of claim 24 further com 

prising resistance means for discharging said second 
capacitance means. 

27. The circuit interrupter of claim 26 wherein the 
resistance value of said resistance means is sufficiently 
high to minimize load current diversion therethrough. 

28. The circuit interrupter as in any of claims 16-27 
further comprising controlled impedance means con 
nected in series circuit with said switching means and 
wherein said solid state circuit means is connected in 
circuit with said switching means and said controlled 
impedance means to divert load current from said 
switching means to said network; responsive to said 
controlled impedance being switched from a very low 
impedance value to a higher impedance value by the 
load current interrupting signal. 

29. The circuit interrupter as in any of claims 16 to 24 
further comprising load current sensing means and con 
trol circuit means for generating the load current inter 
rupting signal responsive to the load current attaining a 
predetermined magnitude. 

30. The circuit interrupter as in any of claims 17 to 24 
further comprising voltage dependent conduction 
means connected in parallel circuit with said solid state 
circuit means and with said switching means to divert 
from said network remnant portions of the diverted 
load current subsequent to the voltage across said solid 
state circuit means attaining a predetermined value that 
exceeds the line voltage that appears across said switch 
ing means subsequent to its being opened. 

31. A circuit interrupter for interrupting load current 
flow in a power line, comprising: 

(a) a bridge rectifier having input terminals and out 
put terminals; 

(b) capacitance means, inductance means and gated 
solid state means connected in series circuit with 
the output terminals of the bridge rectifier; 

(c) charging means for charging said capacitance 
means; 

(d) means for gating on said gated solid state means in 
response to a load current interruption signal for 
discharging said capacitance means through the 
aforesaid series circuit; 

(e) switching means connected in series circuit with a 
power line; 

(f) the input terminals of said bridge rectifier being 
connected in circuit with said switching means to 
divert load current from said switching means 
through the aforesaid series circuit; and 

(g) means for opening said switching means subse 
quent to the occurrence of the load current inter 
ruption signal. 


